Background: In late 2016, an uncommon recombinant NoV genotype called GII.P16-GII.2 caused a sharp increase in outbreaks of acute gastroenteritis in different countries of Asia and Europe, including China. However, we did not observe a drastic increase in sporadic norovirus cases in the winter of 2016 in Huzhou. Therefore, we investigate the prevalence and genetic diversity of NoVs in the sporadic acute gastroenteritis (AGE) cases from
Background
Noroviruses (NoVs) are the second most common cause of viral acute gastroenteritis cases worldwide, affecting people in all age groups. It is estimated that NoVs account for 18% of sporadic cases of acute gastroenteritis and approximately 50% of all-cause gastroenteritis outbreaks worldwide [1, 2] .
NoV is a member of the family Caliciviridae. The viral genome is a single positive-strand RNA of 7.7 kb that contains three open reading frames (ORFs) [3] . ORF1 encodes a nonstructural polyprotein required for replication, including RNA-dependent RNA polymerase (RdRp). ORF2 encodes the major capsid protein (VP1) and ORF3 encodes a minor capsid protein (VP2). VP1 is structurally divided into a shell (S) and a protruding (P) domain [4] . The P domain is further divided into P1 and the hypervariable P2 subdomain with the major antigenic sites and histoblood group antigen (HBGA) ligands located in the P2 subdomain [5] . NoV are a highly diverse group of viruses that can be genetically grouped into 7 genogroups (GI-GVII), but only norovirus GI, GII, and GIV can infect humans, with GII being the most prevalent [6, 7] . Each genogroup can be further classified into numerous genotypes based on the sequence differences of their VP1 proteins. To date, 9, 22 and 2 capsid genotypes have been recognized in GI, GII and GIV.
Despite this diversity, the NoV GII.4 virus has been responsible for most reported norovirus-associated outbreaks and sporadic cases for over two decades globally. New variants of GII.4 strains emerge every 2-3 years [8, 9] . Since 2008, almost all outbreaks and the majority of sporadic cases in Huzhou were caused by GII.4 variants, including GII.4 2006b, New Orleans 2009, and Sydney2012 [10, 11] . However, during the winter of 2014-2015, a novel GII. 17 NoV strain emerged and replaced the previously dominant GII.4 genotype Sydney2012 variant, as the major cause of acute gastroenteritis outbreaks in several countries of the Asia [12] . At the same time, GII.17 emerged and became the dominant strains during the 2014-2015 epidemic season in Huzhou [13] . This was the first time that non-GII.4 norovirus might become the predominant genotype. Moreover, in late 2016, an uncommon recombinant NoV genotype called GII.P16-GII.2 caused a sharp increase in outbreaks of acute gastroenteritis in many cities of China, most of the outbreaks (78%) associated with this recombinant variant occurred in kindergartens [14] . Increased circulation of GII.P16-GII.2 recombinant was also observed concurrently in Japan, Germany and France during the same winter season [15] [16] [17] . However, we did not observe a drastic increase in sporadic NoV cases in the winter of 2016 in Huzhou. Whether GII.P16-GII.2 recombinant has emerged and been prevalent in Huzhou is unclear. Therefore, we investigate the prevalence and genetic characteristics of NoVs in the sporadic acute gastroenteritis (AGE) cases from January 2016 to December 2017 in Huzhou City, Zhejiang, China.
Methods

Specimen collection
An ongoing hospital-based local NoV gastroenteritis surveillance program has been conducted at the First People's Hospital in Huzhou since January 2013. Surveillance subjects were those who visited the enteric disease clinics and presented with clinical symptoms of AGE. The definition of AGE was diarrhea (three or more loose or watery stools within 24 h), possibly accompanied by vomiting, abdominal pain, fever, and nausea. This study was part of the regional NoV gastroenteritis surveillance program and was approved by the human research ethics committee of Huzhou Center for Disease Control and Prevention. Stool samples were freshly collected from surveillance subjects between January 2016 and December 2017 for routine NoV detection. Informed consent for the stool samples was obtained from the patients or their guardians.
Viral RNA extraction and Nov detection
Viral RNA was extracted from 10% stool-PBS suspensions with a QIAamp viral RNA mini kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. NoV detection was performed by real-time reverse transcription polymerase chain reaction (RT-PCR) using genogroup-specific primers and probes (JJV1F/JJV1R/ JJV1P and JJV2F/COG2R/RING2-TP) as previously described [10, 18] . Real-time RT-PCR was carried out using a One Step PrimeScript® RT-PCR Kit (DRR064, TaKaRa, Dalian, China).
Genomic amplification for genotyping
NoV positive specimens were genotyped based on partial sequence of RdRp (region A in ORF1) and VP1 genes (region C in ORF2) as previously described [10] . Primer set JV12Y/JV13I was used for RdRp typing [19] . Primer set G1SKF/G1SKR and G2SKF/G2SKR were used for VP1 typing for GI and GII, respectively [20] . Fragment spanning the ORF1/ORF2 overlap region was amplified using the primers JV12Y and G1SKR/G2SKR. To identify potential antigenic mutations, primers VP1F/VP1R (Additional file 1: Table S1 ) were designed and used for full-length VP1 amplification of NoV GII.P16-GII.2 strains. RT-PCR was carried out using TaKaRa One-Step RT-PCR Kit (DRR024, TaKaRa, Dalian, China). RT-PCR conditions were as follows: 42°C for 30 min followed by 95°C for 2 min, and 35 cycles of PCR at 94°C for 30 s, at 48°C for 30 s, at 72°C for 90 s, and a final incubation at 72°C for 10 min. After amplification, the PCR products were visualized by electrophoresis and direct sequenced by TaKaRa Biotechnology (Dalian, China).
Phylogenetic analysis and molecular genotyping
All nucleotide sequences were initially genotyped using the RIVM online norovirus genotyping tool (http:// www.rivm.nl/mpf/norovirus/typingtool). The phylogenetic tree was constructed using the neighbor-joining method with MEGA software (version 6.06) [21] and bootstrap analysis was performed with 1000 replications.
Nucleotide sequence accession numbers
The sequences of the NoV strains obtained in this study were deposited in the GenBank under the accession numbers KY344281to KY344283, KY344303 to KY344328, MG739472 to MG739503, KY344334 to KY344337, KY34 4368 to KY344403, MG763290 to MG763293, MG763311 to MG763353, MG763402 to MG763454, and MG763365 to MG763377. 13 .3%) and >60 years (15/157, 9.6%). The monthly distribution of NoV infections during our study period is shown in Fig. 1 . Higher activity of NoV infection could be seen in winter-spring season (from November to March), the detection rate was all >20.0%. In contrast, lower activity of NoV infection were observed in summer-autumn (from July to September), when the average detection rate was only 4.5%.
Results
Prevalence of NoV infections
Distribution and clinical features of NoV genotypes
Of the 204 NoV-positive samples confirmed by real-time RT-PCR, 140 samples were successfully sequenced and genotyped by RT-PCR (Table 2 ). Partial nucleotide sequences of both RdRp and capsid were obtained for 120 strains, which clustered into 17 genotypes, including GI.Pb-GI.6, GI.P7-GI.7, GII.Pe-GII.4 Sydney2012, GII.P17-GII.17, GII.P12-GII.3, GII.P16-GII.13, GII.P7-GII.6, GII.Pe-GII.4 untypable, GII.P21-GII.13, GII.P17-GII.13, GII.P21-GII.17, GII.Pe-GII.17, GII.P2-GII.2, GII.P16-GII.4 Sydney2012, GII.P7-GII.14, GII.P4 2006b-GII.4 untypable. Of the total number of strains genotyped with two genes, 75.8% (91/ 120) corresponded to recombinant strains. The top 3 circulating genotypes during the study period were GII.Pe-GII. 33 .3% vs. 57.1% in December). In contrast, the percentage of GII.4 cases decreased since January 2017; it then re-emerged in October and became second dominant genotype from November to December 2017. As for GII.P17-GII.17, it still can be detected in 2017 and seemed to be dominant between April to June when GII.P16-GII.2 and GII.4 Sydney2012 were all at low activity.
We also compared the clinical characteristics of NoV infection caused by GII.P16-GII.2, GII.P17-GII.17 and Fig. 3a ). This subcluster was most closely related to pre-2016 GII.P16-GII. (Fig. 3b) .
To identify potential antigenic mutations, 41 complete capsid protein VP1 sequences of NoV GII.2 strains from 1976 to 2017 were aligned, including 6 GII.P16-GII.2 sequences we determined in this study (Fig. 4) . Sequence alignment analysis shows that VP1 amino acid sequences of 2016-2017 GII.P16-GII.2 strains remain almost invariable after one year of circulation in the human population. Compared with the earliest GII.2 strain (SMV/ 1976/USA) available in GenBank, 22 amino acid mutations were found in the VP1 region of 2016-2017 GII.P16-GII.2 strains, no mutations were found in the HBGA-binding sites [22] and the predicted epitopes [23] of NoV GII.2 except one unique amino acid change at position 341( K 341 R ), which is part of the HBGA-binding site I. It is noteworthy that mutations at point 341 are not common to all 2016-2017 GII.P16-GII.2 strains. 
Discussion
In this study, we analyzed NoV-associated sporadic acute gastroenteritis in Huzhou from January 2016 to December 2017. Our data showed that NoV infection was detected throughout the year, and the circulation peak occurred during the winter-spring seasons. NoV strains circulate in Huzhou exhibits considerable genetic diversity during the study period and at least 17 genotypes were identified based on both RdRp and capsid genes, with most of them were recombinant strains. The predominant NoV genotypes have changed from GII.Pe-GII.4 Sydney2012 and GII.P17-GII.17 in 2016 to GII.P16-GII.2, GII.Pe-GII.4 [14, 24, 25] . However, our monitoring data showed that only one GII.P2-GII.2 caused gastroenteritis outbreak was detected in December in the winter of 2016 in Huzhou (data not shown). Similar finding were reported Jiangsu provinces, in which the NoV GII.P16-GII.2 genotype firstly appeared in December of 2016, and spread extensively in February and caused rapidly increased outbreaks in the late spring of 2017 [26] . Based on the above results, we speculate that the beginning time of GII.P16-GII.2 prevalence in different areas of China is not exactly the same.
For over two decades, most NoV-associated gastroenteritis cases reported all over the world have been linked to a single genotype GII.4 [8] . However, in winter 2014-2015, the GII.4 strains were unexpectedly displaced by a new GII.17 variant (GII.P17-GII.17 Kawasaki) in some Asian countries [12] . Moreover, in late 2016, an uncommon recombinant NoV genotype called GII.P16-GII.2 caused a sharp increase in outbreaks in different countries worldwide [14] [15] [16] [17] . This was another event that non-GII.4 NoV might become the predominant genotype. Unlike epidemic pattern observed in the past years for GII.4 in Huzhou that new GII.4 variants emerged every two or three years and presented absolutely predominant during norovirus epidemic seasons [10, 11] , these non-GII.4 predominant genotypes were co-circulating with GII.4 and the predominant genotypes of NoV are diverse according to month. In the Huzhou area, GII.17 was firstly detected in October 2014 and gradually replaced GII.4 Sydeny2012 as a predominant strain [27] . However, GII.4 Sydney2012 re-emerged in October 2015 [13] and presented an alternate prevalence pattern with GII.17 until the advent of GII.P16-GIII.2 at the end of 2016. In 2017, GII.P16-GII.2 was co-circulating with GII.Pe-GII.4 Sydney2012 and GII.P17-GII.17. A recent report showing that the non-GII.4 NoV remains static may explain the epidemiological pattern of non-GII.4 NoV infection [28] . The persistence and predominance of GII.4 strains due to it is an "evolving genotype" which can continuous evolve through accumulation of mutations into antigenically distinct variant that escape from herd immunity. In contrast, non-GII.4 predominant genotypes would prevail for only a short period of time as they are highly conserved or "static genotypes", which limits their prevalence and antigenic diversity. Globally, GII.P16-GII.2 is an uncommon genotype with low detection rate in sporadic infections before 2016, except in Japan. GII.P16-GII.2 was firstly reported in 2008 and became the most prevalent GII.2 genotype after 2009 in Japan [29] [30] [31] . Most of the pre-2016 GII.P16-GII.2 strains were detected in Japan during 2009-2014, which could be genetically subdivided into three clusters (2009-2010 cluster, 2010-2012 cluster, and 2012-2014 cluster) [31] . Phylogenetic analyses in this study indicated that the VP1 genes of 2016-2017 GII.P16-GII.2 strains were most closely related to Japan 2010-2012 cluster, whereas the RdRp genes of these strains were genetically closely related to the GII.P16--GII.4 strain identified in 2015. This finding is consistent with a recent phylogenetic study conducted in Japan [32] . The authors suggested that the VP1 of 2016 GII.P16-GII.2 strains diverged from common ancestors of the GII.P16-GII. [28] . Just recently, Tohma K et al. investigated the evolutionary dynamics of GII.2 strains by using bioinformatics analysis [33] . They found the reemergence of GII.P16-GII.2 strains during 2016 did not involve changes in the substitution rate or acquisition of amino acid mutations in the major capsid protein and suggested that, genetic change in the RdRp may play some role in the predominance of GII.P16-GII.2 strains. However, the above study is only about the sequence analysis of the RdRp and VP1 region, further analysis using long sequences covered other nonstructural proteins and VP2 and in vitro assays such as serum inhibition/neutralization tests are required to explore the mechanisms behind the rapidly spread of GII.P16-GII.2 stains.
Our study is limited by a small sample size, single-site setting, and especially the partial genotyping of circulating NoVs. Genotyping was only successful for 140 (68.7%) detected NoVs cases. In future studies, epidemiologic and virologic surveillance should be broadened to better clarify the epidemiological patterns and genetic characteristics of NoV strains in Huzhou.
Conclusion
In conclusion, we report the emergence of GII.P16-GII.2 strains and characterize the molecular epidemiological patterns NoV infection between January 2016 and December 2017 in Huzhou. We found that the predominant genotypes of norovirus during our study period in Huzhou are diverse according to month. Phylogenetic analyses showed that VP1 genes of 2016-2017 GII.P16-GII.2 strains were most closely related to Japan 2010-2012 cluster and their VP1 amino acid sequences remain relatively static after one year of circulation in the human population. However, unlike the recently emerged GII.P17-GII.17 strains that predominated only in part of Asia in 2014-2015 season, the re-emerged GII.P16-GII.2 strains were almost simultaneously reported in Asia and Europe, indicating the fast spread of this genotype across continents. Continuous surveillance and further studies are needed to understand the epidemiological characteristics of GII.P16-GII.2 strains and explore the mechanisms behind the wide spread in population of this genotype.
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